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® Water disperslble hydrophobic thickening agent 



© An aqueous liquid medium having increased low shear viscosity as provided by dispersing into the aqueous 
medium (1) a water-soluble polymer having pendant hydrophobic groups, e.g, an acrylamide/dodecyl 
aery late/acrylic acid terpolymer. The thickened aqueous medium is suitably employed in applications requiring 
viscous liquids which retain th9ir viscosity when subjected to shear, heat or high electrolyte (salt) concentrations. 
Such applications Include uses In enhanced oil recovery processes, as fluid mobility control agents, fracturing 
fluids and drilling muds, as well as hydraulic fluids and lubricants. 
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WATER-DISPERSIBLE HYDROPHOBIC THICKENING AGENT 



BACKGROUND OF THE INVENTION 



s This invention relates to thickening agents containing water-dispersible polymers which agents are used 
to increase the viscosity of aqueous media. 

U.S. Patent No. 4432881 discloses a thickening agent which comprises a water-soluble polymer having 
pendant hydrophobic groups and a water-dispersible surfactant having hydrophobic groups that are capable ^ 
of associating with the hydrophobic groups of the polymer. The patentee indicates that the relative 

w proportions of the two components of the thickening agent are such that, when the, thickening agent is 4 
dispersed in water in a concentration of 0.5 weight percent based on the water, the viscosity of the water is u 
at least doubled, the thickening agent being such that the water can be subjected to mechanical shear 
without significant loss of viscosity. Additionally, the thickening agents are said to be such that their 
viscosity is not reduced by the presence of electrolytes such as sodium chloride etc. 

is The copolymers disclosed as useful in the above-mentioned patent for the production of the thickening 
agents thereof comprise a copolymer of a water-soluble monomer such as acrylamide and a hydrophobic 
group-containing cdmonomer such as dodecyf acrylate or methacrylate. The patentee indicates that such 
copolymers, when used in conjunctiqn with a hydrophobic group containing surfactant, result in thickening 
agents which increase the viscosity of water when added thereto. 

20 The use of the surfactants has been found to be unnecessary by Applicants in that their necessity has 
been shown to be obviated by the use of a third monomer, i.e, a water-soluble monomer which when 
copoiymerized with the other two monomers results in the formation of a water-soluble terpolymer. it was 
discovered that the copolymers of U.S. 4432881, when produced at certain high molecular weights, are 
water-insoluble as such and do not function as described therein even when a surfactant is present in 

25 amounts specified. Thus, the copolymers of said patent are actually limited to those having molecular 
weights such that they are water-soluble. 

Applicants have discovered that useful thickening agents containing polymers having very high 
molecular weights, i.e, up to about 10 million can be produced In the absence of the surfactant indicated as 
essential by the patentees of U.S. 4432881. Thus, thickening agents containing polymers having very high 

30 molecular weights can be utilized, which polymers, when produced according to U.S. 4432881, do not 
function as described therein. The agents exhibit thermal stability, electrolytic tolerance and good resistance 
to shear. 



3$ SUMMARY OF THE INVENTION 



The present invention is directed to a thickening agent which consists essentially of a water-soluble 
polymer having pendant hydrophobic groups and a water-soluble inorganic salt. When the thickening agent 

40 is dispersed in water, the viscosity of the water is substantially increased. Media containing the thickening 
agents of this invention can be subjected to substantial mechanical shear without significant loss of 
viscosity. The substantial viscosity increase is evidenced even when the aqueous media to which it is r 
added contains significant concentrations of electrolyte such as in the case of hard water or brine. 
Consequently, the thickening agents hereof can be used for a variety of applications wherein high S 

45 temperatures, substantial electrolyte concentrations and conditions of high mechanical shear, such as in ^ 
high shear pumping of the aqueous medium, is required. The instant thickening agents are useful in all 
applications which require aqueous media having increased viscosity such as drilling mud formulations, 
fracturing fluids, fluid mobility control agents, aqueous solutions of inorganic salts, hydraulic fluids, 
lubricants, friction reducing agents, suspending agents, aqueous suspension of insoluble particulates such 

so as paint formulations and the like. 

The present invention also pertains to aqueous media containing an amount of the thickening agent 
hereof which is effective to increase the viscosity of the media. 

In a preferred embodiment of the invention, the aqueous medium containing the thickening agent is a 
mobility control fluid useful in enhanced oil recovery operations. In the practice of this embodiment of the 
invention, the thickened aqueous medium is introduced through an injection well into a porous subterranean 
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formation penetrated by said well and driven through the formulation through the producing well. 

In further aspects of this invention, the thickening agent is employed in a drilling mud formulation or a 
fracturing fluid wherein the thickening agent is present in an amount sufficient to increase the viscosity of 
the formulation or fluid as desired. 



DETAILED DESCRIPTION OF THE INVENTION INCLUDING PREFERRED EMBODIMENTS 



10 The instant Invention is directed to a water-solubie composition for thickening aqueous liquids consist- 
ing essentially of: 

A) a water-soluble thickening agent which agent consists essentially of: 

a water-soluble polymer having pendant hydrophobic groups, said polymer being a terpolymer of two water- 
is soluble ethylenically unsaturated monomers and a water-insoluble ethylenically unsaturated monomer 
having a hydrophobic group having at least 8 carbon atoms wherein, 

a) one water-soluble monomer is an ethylenically unsaturated amide, 

b) the other water-soluble monomer is an N-substftuted derivative of an ethylenically unsaturated 
amide, an ethylenically unsaturated carboxyfic acid, an ethylenically unsaturated quaternary salt, a sulfoalkyl 

20 ester of an unsaturated carboxylic acid, an- aminoalky ester of an unsaturated carboxylic acid, a dial- 
lylamine, a diailylammonium compound or a vinylaryl sulfonate and, 

c) the water-insoluble monomer is a higher alkyl ester of an cc,0 -ethylenically unsaturated 
carboxylic acid, an alkylaryl ester of an ethylenically unsaturated carboxylic acid, an N-alkyl ethylenically 
unsaturated amide, a vinyl alkyl ether or an an-alkyl styrene and, 

25 

B) a water-soluble inorganic salt, 

wherein the molecular weight of the terpolymer is such that, at the same concentration, a copolymer of only 
components a) and c) having the same molecular weight, is water-insoluble, the concentration of monomer 
b) being replaced by an equal concentration of monomer a). 
30 For the purposes of this invention, the water-soluble polymer is one which forms the thermodynamically 
stable mixture when combined with water. These mixtures form spontaneously and include true solutions in 
which the individual polymer molecules are dispersed as well as mlceilular or colloidal solutions wherein the 
polymer molecules are aggregated to some extent, but wherein such aggregates are no larger than colloidal 
size. 

35 The molecular weight of the water-solubie polymer is low enough such that an aqueous medium 
containing 0.1 weight percent of the polymer can be subjected to degree of shear on the order of 10,000 
sec" 1 without causing the polymer to degrade significantly. Moreover, the polymer has a molecular weight 
such that, when 0.5 weight part of the polymer is dissolved in 100 weight parts of water, the Brookfleld 
viscosity of the water is increased to at least 2 centiposes (as measured using a Brookfield LVT viscometer 

40 equipped with UL adaptor and operated at 6 rpm and 25 *C). Preferably, the water-soluble polymers used in 
this invention have molecular weights (M w ), as determined by intrinisic viscosity measurements, in the 
range from about 2 to about 20 million, most preferably from about S to about 15 million. 

The pendant hydrophobic groups of the watersoluble polymer are organic groups having hydrophobicit- 
ies comparable to one of the following: aliphatic hydrocarbon groups having at least four carbons such as 

45 Ca to C20 alkyls and cycloalkyls; polynuclear aromatic hydrocarbon groups such as naphthyls; alkylaryls 
wherein alkyl has one or more carbons; haloalkyls of four or more carbons, preferably perfluoroaikyis; 
polyalkyfeneoxy groups wherein the aikylene is propylene or higher alkylene and there is at least 1 
alkyfeneoxy unit per hydrophobic moiety. The concentration of hydrophobic moieties in the water-soluble 
polymer is that which is sufficient to Increase the viscosity of an aqueous medium. Preferably, the' 

so concentration of hydrophobic groups in the polymer is such that, when one weight part of the polymer is 
dissolved in 100 weight parts of the aqueous medium, the Brookfield viscosity of the aqueous medium is 
twice that of an aqueous medium containing 1 weight percent of a hydrophiilic polymer that is identical in 
all respects to the hydrophobic polymer except that the hydrophiilic polymer contains no hydrophobic 
groups. For example, if an aqueous solution containing 1 weight percent of a copolymer of acryiamide and 

55 acrylic acid (hydrophiilic polymer) has a Brookfield viscosity of 10 cps, the aqueous solution containing 1 
weight percent of a suitable hydrophobic terpolymer, e.g„ an acrylamide/acrylic acid/dodecyl acrylate 
terpolymer having M w equivalent to the acryiamide copolymer, will have a Brookfield viscosity of at least 20 
cps. 
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Exemplary water-soluble polymers include the terpolymers of water-soluble ethylenically unsaturated 
monomers with hydrophobic ethylenically unsaturated monomers wherein the concentration of hydrophobic 
monomer is sufficient to provide the requisite concentration of hydrophobic moieties. Preferably the water- 
soluble polymer is a terpolymer from about 9% to about 99.995 mole percent of the combined monomers 
s a) and b). described above, with from about 0.005 to 2 mole percent of one or more hydrophobic 
monomers. For the water-soluble terpolymers. it is found that preferred amounts of hydrophobic monomers 
will vary with the molecular weight of the polymer. For example, a water-soluble terpolymer havino a 
molecular weight near 2 million, preferably contains from about 1 to about 2 mole percent of hydrophobic 
monomer Alternatively, the water-soluble polymer having a molecular weight of 15 million preferably 
to contains form about 0.05 to about 0.25 mole percent of hydrophobic monomer. 

Suitable water-soluble monomers include those which are sufficiently water-soluble to form at least a 10 
weight percent solution when dissolved in water and readily undergo addition polymerization to form 
polymers which are water-soluble. Exemplary water-soluble monomers identified as a), above, include 
ethylenically unsaturated amides such acrylamide. methacrylamide and fumaramide. 
is Suitable water-solubie monomers which are identified as b). above, include N-substJtuted derivatives of 
an ethylenically unsaturated amide such as 2-acrylamide-2-methylpropane sulfonic acid N- 
dimethylam.nomethyl)acrylamide .as well as N-(trimethylammoniummethyl)acrylamide chloride and N- 
(trimethylammoniumpropyl)methacrylamide chloride; ethylenically unsaturated carboxylic acids such as 
.acrylic acid, methacrylic acid, .itaconic acid and fumaric acid. Ethylenically unsaturated quaternary corn- 
so pounds such as dimethylaminoethylacrylate methyl chloride salt, vinylbenzyl trimethyl ammonium chloride, 
sutfoalkyl esters of unsaturated carboxylic acids such as 2-sulfoalkyl methacrylate; aminoalkyl esters of 
unsaturated carboxylic acids, such as 2-aminoethyl methacrylate; vinyl amines such as vinyl pyridine and 
.vjnyrrnorpholne. diallyl amines and diallyl ammonium compounds such as diallyl dimethyl ammonium 
ch oride; v.nyl heterocyclic amides such as vinyl pyrolidone; vinylaryl sulfonates such as vinylbenzyl 
25 sulfonate as wel as the salts of the foregoing monomers. Of the foregoing a) and b) wateSe 
monomers : combinat.ons of acrylamide and acrylic acid are preferred. Acrylamide and combinations thereof 
with up to 75 mole percent of acrylic acid, based on total water-soluble monomer, are more preferred Most 
preferred are polymers wherein the water-soluble monomer is a mixture of acrylamide with from about 5 to 
about 50 mole percent, especially from about 15 to about 30 mole percent, of acrylic acid 
30 Suitable hydrophobic monomers c) are those which are water-insoluble. i.e. less than 0.2 weight part of 

^uTTn* "T;™ WW . diSS ° ,Ve 100 W6i9ht ms water " E * Bra »*»y hydrophobic monomers 
include the higher alkyl ester of -ethylenically unsaturated carboxylic acids such as dodecyl acrylate 
dodecyl methacrylate. tndecyl acrylate. tridecyl methacrylate. tetradecyl acrylate. tetradecyl methacrylate 
* 2?S ^ methacf y |ate - the eth V' "*« **er <* malelc anhydride, diethyl maleate. and 

, S asters denved from the reactions of alkanols having from 8 to 20 carbon atoms with ethylenically 
unsaturated carboxy he acids such as acrylic acid, methacrylic acid, maleic anhydride, fumaric acid, itaconic 
aad and aconite acid, alkylaryl esters of ethylenically unsaturated carboxylic acids such as nonyl-a-phenvl 
acrylate >. nonyl-crphenyl methacrylate. dodecyl-o-phenyl acrylate and dodecyl-a-phenyl methacrylate; N- 

«, ££2 "T^Tr 8UCh " N *° Ctadecyl aCrylamid9 ' -nethacrylamTde N.N- 

Si ^ 17 ! a T l d , S,m,,ar d9riVatiVeS a "° ,e,ins such 38 1 -° ctene - ^°<»™' 1-dodecene and 1- 

hexadecene; vmyl alkylates wherein alkyl has at least 8 carbons such as vinyl laurate and vinyl stearate- 
vinyl alkyl ethers such as dodecyl vinyl ether and hexadecyl vinyl ether; N-vinyl amides such as Si 

« ShTT ' ^ ° f aCry " C add ^ metnacr ylic acid wherein the alkyl hi from 8 to 20 

f ™ are Purred. The alkyl acrylates wherein the alkyl has from 10 to 20 carbon atoms are more 
preferred. Dodecyl acrylate is the most preferred. : 

nra nl!lf rem ? nB< T d wa ! er - 80,ubl8 terpolymers containing hydrophobic moieties are advantageously 
EEZ V Water - S0,uble monomers *e hydrophobic monomers by any Lven- 

Zl^Z " J™?" 6 Wh9rein h y dr °P hobic or mixture of hydrophobic monomers is 
added with vigorous agitation to an aqueous solution of the mixture of water-soluble monomers In the 

'ZEZZ . ♦ ? W0W * mon0mer8 ' 88 we " - *• ^Phobic monomer, are soluble in a 
SiT"l I", Water ' S0,ub,e P 01 ^ can •» W** b V any desired solution polymerization 

method wherein the neutral organic solvent is employed as the polymerization diluent The most effective 

bif m lt m -r terP0 ' ym , erS 7 , ? P " d bV *• water-soluble monomers with tj, 6 hydro^o- 

iSXSSiHS^T ° 1 W ? l e 7° ,Ub,e m0n ° merS: hydrophobic monomer *° «B- «™ aLt 
98.2 to about 99.995H3.005. preferably from about 99:1 to about 99 9:0 1 

Polymerization of the water-soluble and hydrophobic monomers is advantageously effected in an 
aqueous med,um containing an emulsifier for the hydrophobic monomer and a^iymerS Initiator 
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capable of generating free-radicals. The emulsifier is required in most instances to suitably disperse the 
hydrophobic monomer and to subsequently obtain a terpolymer having a uniform composition Optionallv a 
chain-transfer agent may be included in the polymerization reaction mixture. Accordingly, it is desirable to 
employ from about 0.01 to about 0.1 weight percent of initiator, based on the monomers, and Z abou' 
s 0.1 to about 1 weight percent of emulsifier. based on the monomers. 

Exemplary suitable polymerization initiators include the Inorganic persulfates such as potassium 
persulfa e. ammonium persulfate and sodium persulfate; azo catalysts such as azobisisobutyronitrile and 
dimethyl azoisobutyrate; organic peroxygen compounds such as benzyl peroxide, t-butyl peroxide 
dusopropyl benzenehydroperojdde and t-butyl hydroperoxide. 
io Suitable emulsifiers include anionic agents such as alkali metal salts of alkyl sulfates and alkyl and arvl 
suites. e.g. dodecyl alkyl sulfosuccinates and sodium dodecylbenzene sulfate; fatty acid soaps eq 
sodium oleate. sodium stearate and potassium oleate; alkali metal salts of sulfonated fatty alcohols e a 
^ sulfate; sulfates of ethoxylated alcohols; alkyl phosphate esters, e.g.. dodecyl hydrogen 
phosphate; fluoro emulsifiers, e.g.. perfluoroalkyl sulfates; and the like. Also included are cationic emulsifiers 
such as alkylamine hydrochlorides. e.g.. dodecylamine hydrochloride and tridecylamine hydrochloride; 
SIT^h I ° r ar y' a £ imonlum halides s <"* as dodecyl trimethyl ammonium chloride; ethoxylated fatty 
ST To«fT emul f ifiere 88 described ln McCutcheon's Detergents and Emulsifiers. North American 
Edition, 1887 Annual. In general, when the water-soluble polymer is anionic or nonlonic. an anionic 
emulsrfier such as an alkali metal alkyl sulfate is preferably employed as the emulsifier. When the water- 
soluble polymer is cationic. a cationic emulsifier such as dodecylamine hydrochloride is employed. When 

^JS^T- TT f ! S n I?"! 0 "' 0, 8ni0niC 0f MtioniCl 3 nonionic emu,sifier such 88 nonylphenoxy 
polyethylene glycol having 10 ethyleneoxy units per molecule is suitably employed 

h„ m W r7 S °"l b,e te ^ 0,ymers «• readi, V recovered from the aqueous medium when such is desired 
by removal of water under vacuum or by azeotropic distillation. Alternatively, such terpolymers may be 
separated by the addition of methanol or anhydrous acetone to cause the water-soluble terpolymer to form 
a phase separate from the aqueous medium. As a further alternative, the aqueous medium containing the 
water-soluble terpolymer can be used as such. 

It Is also understood that water-soluble terpolymers of acrylamide. acrylic acid and hydrophobic 
SIT^T ^ ? ePared bV C0 P° , y merizin 9 8,1 *«• «* *ese monomers or by copolymerizlng acrylamide 
w.th the hydrophobe monomer and subsequently hydrolyzing a portion of the copolymerized acrylamide by 
contacting the copolymer with a base such as sodium hydroxide and/or sodium carbonate 
m .„^i hiCl r in9 a9ent * *" preSent inventlon is ^vantageously prepared by dispersing the water- 
ttw^ura^SuT ^ aqUe ° US med '' Um Und6r CdnC,iti0ns SUCh that * is uniform| y distributed throughout 

35 hJI? • am ° Unt ° f ^ thickeni "9 a 9 ent ,n * e *V* 0US medium being thickened is sufficient to provide the 

SS^TySL 1 ? T^L ° f * e aqU60US medium ' Pre,erab| y- sudn amounts of thickening agent range 
from about 0.025 to about 5 weight percent, most preferably from about 0.5 to about 2.5- weight percent 
based on the aqueous medium. In addition, to the thickening agent, the aqueous medium may contain a 

« 2™ r J, w 6r ,n9fed ; ents com ™ n t0 brines - fracturi "8 A"'*, drilling muds, paint formulations, lubricants, 
« friction-reducing agents, suspending agents, liquid mobility control agents, hydraulic fluids and the like 

a n,»o * '« er8St "* th9 brineS and 0th8r aqueous med,a coding salts of various metals.'such 

aSe e™h meiaT C ° ntain ^ ab ° Ut 0,01 10 ab0Ut 20 weiflht P 9 ^ 0 ' of 8alts of alka,i meta| s and 

« w«.nl? , VlSC °J ty ° f 30 aqU8 ° US mediUm COntainln 9 SUDStantial counts, e.g.. up to about 5 

E??2S T tne 1 f q f 0US medium - of monova,e nt inorganic salts such as sodium chloride and 
up to 1 weight percent, usually from 0.0015 to 0.5 weight percent, of salts of polyvalent cations suchaft 

C ^ZS1 ma9 | ne8iUm ' * l! Preferred 40 empl0y 88 *• soluble terpolymer. a nonionic terpolymer of 
acrylamide. acrylic acid and a higher alkyl acrylate or methacrylate such as dodecyl methacrylate The 

so '77" ^ aqUe ° US iS retahl9d « temperatUreS ° ver the rangeVom S 3? • 

K ^ 1 MS ViSC ° Sity inCreaS6 iS r9tained at ^P^'es substantially higher than 

limitUon^n" 9 SXamf f S m "* forth f ° r Purp ° ses 0f illustration on| y and are not to be construed as 
bmitations on the present .nvention except as set forth in the appended claims. All parts and percentages 
are by weight unless otherwise indicated. percentages 

55 
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EXAMPLES 1 (Comparative) 
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A solution containing 74.93 parts of 50% acrylamide, 7.5 parts of sodium dodecyl sulfate, 0.225 part 
(0.1 mole % on acrylamide) of lauryi acrylate, 7.5 parts of a solution containing 16.0% of acetic acid and 
2.0% of pentasodium diethylenetriamine pentaacetate and 655 parts of water is deoxygenated at room 
temperature by sparging with nitrogen for 1 hour. The solution is then heated to 40* C and 0.113 part of 

5 2,2-azobis(2- amidinopropane)hydrochloride catalyst added to initiate polymerization. The resulting polymer 
gel is allowed to exotherm to 59 "C. This temperature is maintained for 16 hours. A sample of the gel is 
then cut into small pieces, ca 1/8". Polymer gel disperions (0.1,%) are prepared in (a) plain water and (b) in 
1% surfactant solution (lauryi ether of polyoxyethylene £0=35, HLB = 16.9) by adding the required 
amount of cut gel to a measured volume of stirred aqueous solution. It is found that the polymer does not 

to dissolve to any extent in plain water, even after many days of stirring at room temperature, the polymer 
remaining as clear gel particles. However, the polymer does dissolve in the surfactant solution, giving a 
viscous solution (Brookfield viscosity is 3.4 mPa.s, at 25* C, 60 rpm). Addition of 1 N NaCI gives a solution 
with a Brookfield viscosity of 4.0 mPa.s. No insoluble gel particles are observed. 

15 

EXAMPLES 2-19 



A solution containing 8.98% of acrylamide, 1.01% acrylic acid, 1.0% sodium dodecylsulfate, 0.0227% 
20 (0.1 mole% on monomers) of lauryi acrylate, 1.2% acetic acid- and 0.02% of pentasodium 
diethylenetriamine pentaacetate is sparged with nitrogen to <0.3 ppm of residual oxygen. After heating to 
42* C, 2,2 -azobls(2-amidmopropane)hydrochloride catalyst (1550 ppm on monomers) is added to initiate 
polymerization. After the reaction mixture is allowed to exotherm to 68° C, the gef is placed in an oven at 
68" C for 16 hours. This product is then dissolved In either plain water or surfactant solution as described in 
25 Example 1, above. The pH of the final solution is adjusted to 7-8 by addition of sodium hydroxide solution 
(0:1N). 

In Examples 3-19. the above procedure is followed except that the monomers and/or their concentra- 
tions are varied to give the results indicated. 

All of the polymers described in Examples 2-19 are found to be totally soluble in both plain water and 
30 surfactant solution. Brookfield viscosities are shown in Table 1. 
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TABLE 1 





HYDROPH08ICALLY MODIFIED ANIONIC COPOLYMERS 
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AMD 2 


LA 3 


AA* 


SAPS 5 


Without Surfactant 


With 


10 




frnole%) 


frnole%) 
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It t I WI9 *W f 




Surfactant** 




2 


79.9 


0.1 


20.0 


- 


>50 


4.6 
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80.0 


0 


20.0 


— 


5.6 


5.3 
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89.9 


0.1 


10.0 




>50 


5.2 
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90.0 


0 


10.0 
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5.1 


4.9 


1$ 
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69.9 


0.1 


30.0 
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>50 


5.1 . 
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70.0 
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30.0 




5.5 


5.4 
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U.l 


An a 
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4.0 
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60.0 


0 


40.0 




4.0 


3.9 




10 


89.9 


0.1 




10.0 


22 


4.7 


20 


11 


90.0 


0 




10.0 - 


6.0 


5.8 




12 


79.9 


0.1 




20.0 


13.0 


5.2 




13 


80.0 


0 




20.0 


5.4 


5.3 




14 


69.9 


f 0.1 




30.0 


12.5 


5.6 
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70.0 


0 




30.0 


5.5 


5.3 




16 


59 


0.1 




40.0 


10.6 


6.2 




17 


60.0 


0 




40.0 


5.3 


5.0 




Polymer Concentration * 


1000 ppm 












(c) comparative 













1. Brookfield Viscosity (60 rpm) at 25* C in 1M NaCI 

2. Acrylamlde 

3. Lauryl Acrylate 

4. Acrylic Acid 

5. Sodium 2-acryiamido-2-methylpropanesulfonate 

6. Polyoxyethylene either of lauryl alcohol « 2000 ppm 
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TABLE 2 
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EFFECT OF SURFACTANT CONCENTRATION 
ON SOLUTION VISCOSITY 



Polymer of 


Surfactant(ppm) 1 


Viscosity at 


Example 2 


0 


11 




1 


5 




10 


3.6 




50 


2.7 




100 


2.6 




200 


2.6 


Example 3 


0 


2.7 




200 


2.6 



Polymer Concentration * 500 ppm 



1. BriJ-35 

2. Brookfteld Viscosity (60 rpm) in 1M NaCl 



TABLE 3 
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HYDROPHOBICALLY MODIFIED CATION1C COPOLYMER 










Viscosity mPas 1 


Example 


AMD 


LA 


Catlonic 


Without 


With 








Monomer 3 


Surfactant 2 


Surfactant 


18 


79.8 


0.2 


20.0 


165 


19 


19 


80.0 


0 


20.0 


. 13 


12 


Polymer Concentration = 2500 ppm 



1. Brookfield Viscosity (3 rpm) at 25 C in M NaCl 

2. 2000 ppm polyoxyethylene ether of lauryi alcohol 

3. Methyl chloride of dimethylaminoethylacrylate, mole % 
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It is weii known that homopolyacrylamide (PAM) is very soluble in water giving viscous solutions. The 
results described in Example 1 show that hydrophobic modification causes ^solubilization of PAM, most 
probably because intramolecular association of hydrohobic groups causes cross-linking of polymer chains. 
Hydrophobicaliy modified PAMs would not therefore be useful as thickening agents when used alone. As 
shown in Example 1 , these polymers are however, soluble in aqueous surfactant solution since surfactants 
tend to associate with the hydrophobic groups thereby destroying the insolubilizing crosslinks. However, the 
viscosity was found to be quite modest when compared to those obtained with the polymers of this 
invention -see Table 1, Examples 2,4,6,8,10,12,14,16. 

Unexpectedly, it has been found that hydrophobicaliy modified acrylamide terpolymers (HTERPs) 
containing ionizable groups such as acrylic acid are readily soluble in water containing no added surfactant, 
resulting in highly viscous aqueous solutions. It has thus been discovered that HTERPs do not require 
additional surfactant to effect solubility. Furthermore, it has been found that added surfactant has a 
detrimental effect on the viscosifying power of HTERPs. This is clearly shown in Table 1. 

In the absence of added surfactant, the HTERPs are much more effective thickening agents than the 
unmodified copolymers. In the presence of added surfactant the HTERPS have the same solution viscosity 
as the umodified copolymers. Table 1 shows that the effect is general for both acrylate and sulfonate 
containing HTERPs. 

By further way of illustration, Table 2 shows that extremely small levels of added surfactant have a 
detrimental effect on the viscosifying power of HTERPs reducing solution viscosity to the same values as 
are obtained with unmodified copolymers. 
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Table 3 shows that cationic HTERPs are also effective thickening agents. 



Claims 

s 

1. A water-soluble composition for thickening aqueous liquids consisting essentially of: 
A) a water-soluble thickening agent which agent consists essentially of: 

a water-soluble polymer having pendant hydrophobic groups, said polymer being a terpolymer of two water- 
w soluble ethylenically unsaturated monomers and a water-insoluble ethylenically unsaturated monomer 
having a hydrophobic group having at least 8 carbon atoms wherein 

a) one water-soluble monomer is an ethylenically unsaturated amide, 

is b) the other water-soluble monomer is a N-substituted derivative of an ethylenically unsaturated amide, an 
ethylenically unsaturated carboxylic acid, an ethylenically unsaturated quaternary salt, a sulfoalkyl ester of 
an unsaturated carboxylic acid, an aminoalky! ester of an unsaturated carboxylic acid; a diallylamine, a 
dialiyiammonium compound or a vinyl aryf sulfonate, and 

20 c) the water-insoluble monomer is a higher aikyl ester of an a, ^-ethylenically unsaturated carboxylic acid, 
an alkylaryl ester of an ethylenically unsaturated carboxylic acid, an N-alkyl ethylenically unsaturated amide, 
a vinyl alkyl ether or an ar-alkyl styrene and 

6) a water-soluble inorganic salt, 

25 

wherein the molecular weight of the terpolymer is such that, at the same concentration, a copolymer of only 
components a) and c) having the same molecular weight, is water-insoluble, the concentration of monomer 

b) being replaced by an equal concentration of monomer a). 

30 2. A water-soluble composition for thickening aqueous liquids which composition consists essentially of; 

A) a water-soluble thickening agent consisting essentially of 

a water-soluble polymer having pendant hydrophobic groups, said polymer being a terpolymer of two water- 
soluble ethylenically unsaturated monomer and water-insoluble ethylenically unsaturated monomers having 
35 a hydrophobic group, wherein 

a) one water-soluble monomer is acrylamide, methacrylamide or fumaramide; 

b) the other water-soluble monomer is 2-acrylamide-2-methylpropane sulfonic acid, N- 
m Wimethyluminomethyi)acrylamide, N-(trimethyiammoniummethyl)acrylamide chloride, N- 

(trimethylammoniumpropyi)methacrylamide chloride, acrylic acid, methacrylic acid, itaconic acid, fumaric 
acid, dimethylaminoethyl acrylate methyl chloride salt, vinylbenzyl trimethyl ammonium chloride, 2-sul- 
foethyl methacrylate, 2-aminoethyl methacrylate. vinyl pyridine, vinyl morpholine, diallyl dimethylammonium 
chloride, vinyl pyrrolidone, or a salt of vinylbenzyl sulfonate, and 

46 

c) the water-insoluble monomer is dodecyl acrylate, dodecyf methacrylate. tridecyl acrylate, tridecyl 
methacrylate, tetradecyl acrylate, tetradecyl methacrylate, the octadecyl acrylate, octadecyl methacrylate, 
the ethyl half ester of maieic anhydride, diethyl maleate, other alkyl esters derived from the reactions of 
alkanols having from 8 to 20 carbon atoms with ethylenically unsaturated carboxylic acids selected from the- 

50 group consisting of acrylic acid, methacrylic acid, maieic anhydride, fumaric acid, itaconic acid and aconitic 
acid, nonyl-a-phenyl acrylate, dodecyl-a-phenyi methacrylate.dodecyl-crphenyl acrylate, nonyl-a-phenyl 
methacrylate, N-octadecyl acrylamide, N-octadecyl methacrylamide, N.N-dioctyi acrylamide; 1-octene, 1- 
decene, 1-dodecene, 1-hexadecene, vinyl laurate, vinyl stearate, dodecyl vinyl ether, hexadecyl vinyl ether, 
N-vinyl lauramlde, N-vinyl stearmaide or t-butyl styrene; and 

56 

B) a water-soluble inorganic salt of a metal. 
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3. The composition of Claim 1 wherein the water-soluble monomer a) is acrylamide, and the hydropho- 
bic monomer c) is dodecyl acrylate or t-butyl styrene. 

4. The composition of Claim 1 wherein the water-soluble polymer is terpolymer of acrylamide, acrylic 
acid and dodecyl acrylate. 

5 5. The composition of Claim 1, wherein the terpolymer has a molecular weight in the range from about 
2 to about 20 million. 

6. As aqueous composition comprising an aqueous phase having dispersed therein the composition of 
Claim 1 in an amount sufficient to increase the viscosity of said aqueous phase. 

7. An aqueous composition comprising an aqueous phase having dispersed therein a viscosity 
io increasing amount of the composition of Claim 2. 

8. An aqueous composition comprising an aqueous phase having dispersed therein a viscosity 
increasing amount of the composition of Claim 3. 

9. A aqueous composition comprising an aqueous phase having dispersed therein a viscosity increasing 
amount of the composition of Claim 4. 

75 10. A aqueous composition comprising an aqueous phase having dispersed therein a viscosity 

increasing amount of the composition of Claim 5. 

11. THe composition of Claim 6 wherin the polymer is a terpolymer of from about 60 to about 99.9 

mole percent of acrylamide, from 1.0 to about 30 mole percent of acrylic acid and from about 0.1 to about 

10 weight percent of dodecyl acrylate. 
20 12. The composition of Claim 6 wherein the inorganic salt is a salt of monovalent cation which salt is 

persent in amount from about 0.1 to about 15 weight percent based on the aqueous composition. 

13. The composition of Claim 12 wherein the salt is sodium chloride or potassium chloride or a mixture 
thereof. 

14. The composition of Claim 12 wherein the inorganic salt is a salt of a divalent metal which salt is 
25 present in an amount from about 0.01 to about 10 weight percent based on the composition. 

15. The composition of Claim 14 wherein the divalent metal is calcium, magnesium or a mixture thereof. 

16. The composlton of Claim 6 which contains from about 0.025 to about 5 weight percent of the 
thickening agent 

17. The composition of Claim 6 which also contains sufficient amounts of ingredients common to a 
30 fracturing fluid used in oil recovery to be useful as such as fracturing fluid. 

18. The composition of Claim 6 which also contains sufficient amount of ingredients common to a 
drilling mud formulation to be useful as a drilling mud. 

19. The composition of Claim 6 which also contains sufficient amounts of ingredients common to a fluid 
mobility control agent useful in enhanced oil recovery. 

35 . 
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